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(54) Method of and apparatus for recording data on land/groove track on optical recording 
medium 



(57) An optical recording method according to the 
invention aims, that when an optical pickup (2) is moved 
over an optical disk (1 ), the optical pickup (2) being posi- 
tioned onto the target track location; record marks (41 ; 
61 ; 62) being recorded on the optical disk (1) by a light 
beam irradiated onto the optical disk (1) through the 

FIG. 4 



optical pickup (2), then an irradiation position of the light 
beam is offset during recording by a predetermined 
amount to a track at the recording direction side relative 
to the target track location, a record mark (41 ; 61 ; 62) is 
formed on a target track by the offset light beam. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 5 

The present invention relates to an optical record- 
ing method of and an optical recording apparatus for 
use in recording data, for example, in a digital video disk 
(DVD) using a light beam. 

Description of the Related Art: 

With the development of multimedia pointing to a 
high information-oriented society, a still higher perform- 
ance and a still greater capacity of the optical disk are 
demanded. Seeing from the function and the purpose, 
the optical disk is roughly classified into three kinds, 
namely, the optical disk for read only in which informa- 
tion data recorded during the disk-cutting are only 
reproduced, the optical disk for write once in which data 
can be recorded once but the data cannot be rewritten, 
and the rewritable optical disk in which data can be 
rewritten repeatedly. 

Of these disks, in particular, for the rewritable opti- 
cal disk in which information data can be rewritten the 
greater capacity is demanded and so, with only the 
groove recording method in which information data are 
recorded only on a groove portion which comprises a 
spiral groove formed on the optical disk surface, it is 
impossible to satisfy the needed recording capacity. 
Thus, in the rewritable optical disk the land-groove 
recording method in which information data are 
recorded on the groove portion as well as a portion 
called the land portion between the groove portions has 
been adopted. 

In an optical disk recording/reproducing apparatus, 
in order to record information data on a target track of 
the optical disk, an optical pickup must be moved onto a 
target track of the optical disk and then the laser beam 
must be irradiated onto the target track. To this end, it is 
necessary to position the optical pickup to the target 
location. As a servo system which moves the optical 
pickup to the target location in the radial direction of the 
optical disk, there is a tracking servo system. 

The tracking servo system is comprised of a track- 
ing coil of an actuator system in the optical pickup and a 
tracking servo circuit. The actuator system makes the 
optical pickup to perform fine tracking operation, for 
example, by a two axes actuator. so 

When the laser beam chases the track for tracking 
to read an address and a difference from a target 
address is known, a fine seeking by that difference is 
performed. At this time, if an eccentric velocity is large, 
it is difficult to perform a stable seeking control. Accord- ss 
ingly, after waiting until the eccentric velocity becomes 
small, it finally reaches the target track and then per- 
forms a recording operation by the land-groove record- 



ing method in which information data are recorded on 
the groove portion as well as the land portion between 
the groove portions of the optical disk 

However, as the rewritable optical disk is made to 
have a large capacity, it is required that a track pitch is 
constructed as narrow as possible. Consequently, a 
diameter of the laser beam of the optical pickup has 
come to cover not only the groove portion which is the 
target for positioning the track but also the already 
recorded land portion adjacent on the side of the inter- 
nal circumference of the disk and a non-recorded land 
portion on the side of the external circumference of the 
disk 

As a result, when information data is recorded on 
the groove portion, a cross-erasing is caused, in which 
information data of the already recorded land portion 
adjacent to the groove portion that is the target for posi- 
tioning, on the side of the external circumference of the 
disk are erased. 

FIG. 1 shows a specific operation according to the 
conventional land-groove recording method. 

Referring to FIG. 1 , toward the external circumfer- 
ence side of the disk are arranged a land L1 , a groove 
G1 , a land L2 and a groove G2. The recording operation 
will proceed in the direction from the land L1 to the 
groove G1 , the land L2 and the groove G2. 

Referring to FIG. 1, record marks 130 and 131 are 
formed first on the land L1 on the side of the internal cir- 
cumference of the disk in the direction of rotation of the 
disk by the laser beam. Next, new record marks 132 and 
133 are formed on the groove G1 adjacent to the side of 
the external circumference of the land L1 by the laser 
beam overwriting. At this time, while the record marks 
130 and 131 are formed on the land L1 before the over- 
writing operation, the diameter of a laser beam spot 134 
is larger than a track width d being each width of the 
land L1 and the groove G1 , and besides, the laser spot 
is made to track a center of the width of each of the land 
L1 and the groove G1 , so that they are recorded beyond 
the groove G1 sticking out into the internal circumfer- 
ence side and the external circumference side of the 
disk In this condition, the new record marks 132 and 
133 are formed on the groove G1 after the overwriting 
operation on the groove G1 . 

Firstly, as shown in the groove G1, the new record 
mark 132 is formed on the groove G1 after overwriting. 
At this time, as shown in the groove G1 , there exists the 
record mark 130 formed by the laser beam on the land 
L1 and the groove G1 before the overwriting operation. 
In this case, by forming the new record mark 132 on the 
groove G1, the laser beam overwrites a portion of the 
record mark 130, which is indicated by a broken line, 
sticking out into the land L1 and cross-erases a remain- 
ing portion of the record mark 130, which is indicated by 
the broken line in the record mark 130, sticking out into 
the land L1 . In this way, by forming the new record mark 
132, on the groove G1 the record mark 130 in the land 
L1 is overwritten and at the same time cross-erased. 
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Therefore, the record mark 130 is not formed in the full 
track width d of the land L1 , but formed in an effective 
record width b narrowed by an erase width c. 

Likewise, as shown subsequently in the direction of 
rotation of disk in the groove G1, the new record mark 
133 is formed on the groove G1 after the overwriting. At 
this time, as shown in the groove G1 there exists the 
record mark 131 formed by the laser beam on the land 
L1 and the groove G1 before the overwriting operation. 
Here, by forming the new record mark 133 on the 
groove G1 , a portion of the record mark 131 , in the land 
L which is indicated by the broken line, is overwritten by 
the laser beam sticking out into the land L1 t and a 
remaining portion of the record mark 131, which is indi- 
cated by the broken line in that mark 131 is cross- 
erased by the laser beam sticking out into the eland L1 . 
In this manner, by forming the new record mark 133 on 
the groove G1, the record mark 131 on the land L1 is 
overwritten as well as cross-erased. Therefore, the 
record mark 131 is not formed in the full track width d of 
the land L1 , but formed in an effective record width b 
narrowed by an erase width c. 

Likewise, as shown in the land L2, a new record 
mark 135 is formed on the land L2 after the overwriting. 
At this time, as shown in the land L2 there exists the 
record mark 132 formed by the laser beam on the 
groove G1 and land L2 before the overwriting operation. 
Here, by forming the new record mark 135 in the land 
12, a portion of the record mark 132, which is indicated 
by the broken line is cross-erased by the laser beam 
sticking out into the land 12. and a remaining portion of 
the record mark 133, which is indicated by the broken 
line in the groove G1 , is cross-erased by the laser beam 
sticking out into the land L2. Further, by forming a new 
record mark 136 in the land L2, a portion of subsequent 
record mark 133, which is indicated by the broken line in 
the groove G1 , is overwritten by the laser beam sticking 
out into the land L2. 

In this manner, by forming the new record mark 135 
in the land L2, the record marks 1 32, 1 33 on the groove 
G1 are cross-erased and by forming the new record 
mark 136 in the land L2, the record mark 133 on the 
groove G1 is overwritten. Therefore, the record marks 
132 and 133 are not formed in the full track width d of 
the groove G1 , but formed in an effective record width b 
narrowed by the erase width c. 

FIG. 2 shows a recorded state of the record mark 
by the conventional land-groove recording method. As 
is shown in FIG. 14, when a record mark 140 is formed 
on the land LI, the record mark 140 is formed sticking 
out into the adjacent groove G1 in the external circum- 
ference side of the disk. Moreover, when a new record 
mark is formed on the groove G1 , a portion of the record 
mark 140, which is indicated by the broken line, already 
recorded on the land L1 will be overwritten or cross- 
erased. 

Essentially, if information data are recorded by 
forming the record marks in the proper area of the 



groove portion and the land portion, namely in the full 
track width d in the track width direction, it would be pos- 
sible to improve S/N ration by reproducing all the 
recorded data as reproduced data during reproduction. 

5 However, if the cross-erasing of information data in 
adjacent tracks is caused in this manner, it is impossible 
to reproduce all the recorded data during reproduction. 
Accordingly, a level of reproduced signals is lowered or 
a noise is introduced into the reproduced data. Under 

w the worst conditions, it may sometimes be impossible to 
obtain any reproduced data. 

In this way, with the conventional optica) recording 
method the cross-erasing has been caused, in which 
information data recorded on the land portion adjacent 

is to the groove portion to be recorded are erroneously 
erased. However, since no counter measure against the 
cross-erasing has been considered, there exists a dis- 
advantage in which not all of the recorded data are kept 
in the recorded state or the noise is introduced into the 

20 reproduced data or no reproduced data can be 
obtained. 

In particular, with a land-groove recording and 
reproducing method which is expected as a recording 
method enabling a high density recording, if the width of 
25 the land portion and the groove portion in the track 
direction is made narrower than a diameter of the laser 
spot, then the cross-erasing becomes a serious prob- 
lem when recording data. 

30 SUMMARY OF THE INVENTION 

In view of such aspects, it is an object of the present 
invention to provide such a method of optical recording 
as able to eliminate the influence of the cross-erasing 

35 during recording. 

According to a first aspect of the present invention, 
an optical recording method of moving an optical pickup 
over a recording medium to position the optical pickup 
onto a target track, and forming a record mark on the 

40 recording medium by a light beam irradiated onto the 
optical disk from the optical pickup, includes the step of 
offsetting a position on the recording medium where the 
light beam by a predetermined length relative to the tar- 
get track in the direction of the recording, and the step 

45 of forming a record mark on the target track by the offset 
light beam. 

According to a second aspect of the present inven- 
tion, an apparatus for recording data on an optical disk 
having a groove portion and a land portion which are 

so alternately disposed in the radius direction, includes an 
optical pickup for irradiating a light beam on a recording 
surface of the optical disk so that a light spot larger than 
both widths of the groove portion and the land portion 
should be formed thereon, tracking means for corrtrol- 

55 ling a position of the light spot relative to the track, track- 
ing setting means for controlling the tracking means so 
that a center of the light spot should be located at a 
position offset by a predetermined amount relative to 
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track centers of the groove portion and the land portion, 
and output controlling means for forming a record mark 
on the recording surface of the optical disk by controlling 
a power of the light beam. 

An operation accord ng to the optical recording 5 
method of the present invention is as follows. 

The present invention is utilized for a sequential 
recording which records the record marks successively 
on the recording medium. Moreover, the present inven- 
tion is applicable not only to the continuous recording 10 
but also to a random recording which records a data 
group on a desired area of a disk, the data group being 
such that they are continuously recorded with a certain 
degree of track width. 

An optical output of the light beam of the optical is 
pickup has three steps of levels, namely, a write power 
which is a high level output and enables the writing 
operation, an erase power which is a middle level output 
and enables the erasing operation, and a read power 
which is a low level output and enables the reading 20 
operation. Further, the tracks are arranged continuously 
in the direction toward the external circumference of the 
recording medium and the recording operation will pro- 
ceed along the tracks continuously arranged in the 
direction toward the external circumference of the 25 
recording medium. 

To begin with, a first record mark is formed by the 
light beam on a first track on the side of internal circum- 
ference of the recording medium in the direction of rota- 
tion of the recording medium. Next, a new second so 
record mark is formed on a second track adjacent to the 
first track in the external circumference side of the 
recording medium by the light beam overwriting. In this 
case, the first record mark has been formed before the 
overwriting. However, since the diameter of the light 35 
beam spot is larger than a width of the first track, the 
first record mark has been recorded sticking out into the 
second track on the external circumference side of the 
recording medium. An operation to form the new sec- 
ond record mark on the second track after the overwrit- 40 
ing operation in the second track under this condition 
will be described. 

Firstly, for the writing operation, the optical output of 
the light beam becomes an optical pulse which is pulse 
width modulated between the write power which is the 45 
high level output enabling the write operation and the 
erase power which is the middle level output enabling 
the erasing operation. Hereby, the second track goes 
into the amorphous state after the overwriting and so 
the new second record mark is formed on the second so 
track. In this case, a portion of the first record mark 
formed by the light beam on the first track before the 
overwriting in the second track sticks out onto the sec- 
ond track. The portion which sticks out into the second 
track goes into the overwritten state because that por- 55 
tion changes into the amorphous state after overwriting 
by the pulse width modulated optical pulse. In this way, 
on the second track in which the second record mark is 



formed, the track is made to change into the amorphous 
state, that is, into the overwritten state. 

Next, as shown on the second track in the direction 
of rotation of the recording medium, the optical output of 
the light beam becomes the erase power enabling the 
erasing operation with the middle level output. At this 
time, as already shown the first record mark formed on 
the first track by the light beam, sticks out into the sec- 
ond track before the overwriting operation. Since the 
portion which sticks into the second track changes into 
a crystalline state after overwriting by the erase power, 
it goes into the erased state. In the manner, the second 
track portion where the second mark is not formed is 
made to change into the crystalline state, that is, into the 
erased state. In the same way as above, new record 
marks can successively be formed up to the track in the 
external circumference of the recording medium. 

In this way the light beam is offset by a detrack-off- 
set amount to a track side in the direction of recording 
by a target value setting/altering means so that an edge 
of the diameter of the light beam spot in the direction 
toward the internal circumference of the recording 
medium may coincide with an edge of the first track or 
the second track in the direction toward the internal cir- 
cumference of the recording medium. Accordingly a 
portion which sticks out into the track on the side of the 
external circumference of the recording medium will be 
subjected to the erasing operation and erased thereby, 
or overwritten by the overwriting operation to form the 
record mark on the stuck portion, thereby allowing the 
first record mark and the second record mark to be 
formed in the effective track width of the first track or the 
second track. 

By recording the record marks in this manner, the 
record mark within the effective track width of the adja- 
cent track on the side of internal circumference of the 
recording mecfium will never be erased, thereby ena- 
bling the cross-erasing problem to be solved. 

Furthermore, even if the effective track width may 
be made smaller against the diameter of the light beam 
spot, it is possible to erase the record mark by the eras- 
ing operation or to form the record mark by the overwrit- 
ing operation, without causing the cross-erasing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a land-groove record- 
ing method; 

FIG. 2 is a diagram showing the recorded condition 
of the record mark by the land-groove recording 
method; 

FIG. 3 is a block diagram showing the construction 
of the optical disk recording/reproducing apparatus 
according to the present invention; 
FIG. 4 is a block diagram showing the construction 
of the tracking servo system according to the 
present invention; 

FIGS. 5A and 5B are diagrams showing the track- 
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ing by the push-pull method according to the 
present invention, wherein FIG. 5A shows the land 
and the groove of the optical disk and FIG. 5B 
shows the tracking error signal; 
FIG. 6 is a diagram showing the land-groove 
recording according to the present invention; 
FIGS. 7A and 7B are diagrams showing the princi- 
ple of the phase change recording according to the 
present invention, wherein FIG. 7A shows the 
amorphous state and FIG. 7B shows the crystalline 
state; 

FIGS. 8A to 8C are diagrams showing the overwrit- 
ing in the phase change recorcfing according to the 
present invention, wherein FIG. 8A shows the laser 
power, FIG. 8B shows the land and the groove 
before overwriting and FIG. 8C shows the land and 
the groove after overwriting; 
FIG. 9 is a diagram showing the land-groove 
recording method according to the present inven- 
tion; 

FIGS. 10A and 10B are diagrams showing the dou- 
ble spiral groove according to the present invention, 
wherein FIG. 10A shows the formation of the dou- 
ble spiral groove and FIG. 10B shows the track 
location information; 

FIGS. 1 1 A and 1 1 B are diagrams showing the sin- 
gle spiral groove according to the present invention, 
wherein FIG. 11 A shows the formation of the single 
spiral groove and FIG. 1 1 B shows the track location 
information; 

FIG. 12 is a diagram showing the recorded condi- 
tion of the record marks by the land-groove record- 
ing method according to the present invention; 
FIG. 13 is a diagram showing the track pitch in the 
land-groove recording method according to the 
present invention; and 

FIG. 14 is a diagram showing another groove 
recording method according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

An embodiment according to the present invention 
will be described below. An optical disk to which the 
present embodiment is applied is a digital video disk 
(DVD). In DVD, there are a number of families, namely, 
a DVD-ROM for reproduction only, a DVD-R in which 
information can be written once, a DVD-RAM which is 
rewritable repeatedly. 

The present embodiment is applicable to the rewri- 
table DVD-RAM of these DVD. An outline of DVD-RAM 
will be described. Concerning a thin film for recording, 
the phase change type of film is used, which enables 
the phase change recording wherein recording/erasing 
of information is performed by causing a crystalline 
phase change in the structure with a temperature rise 
due to the heat of the light beam irradiation, and repro- 
duction of information is performed by detecting a 



change of reflectance arising from a change of an opti- 
cal constant between the phases. The optical disk has a 
diameter of 120[mm], a thickness of 0.6[mm] and a 
recording capacity of 2.6 [G byte] for one side and 5.2 G 

5 byte for both sides. The track pitch of the optical disk is 
0.74 [|im] and the sector size thereof is 2 [k byte]. Also, 
the numerical aperture NA of an objective lens of the 
optical pickup used is 0.6 and the laser wave length is 
650 or 680 [nm]. The modulation type and the error cor- 

10 rection code ECC used are 8/16 modulation and Reed 
Solomon product code, respectively. Transfer data rate 
used is more than 10 [M bit/s]. 

Next, a construction of the present embocfiment 
applied to the aforesaid optical disk will be illustrated. 

75 FIG. 3 is a block diagram showing the construction of an 
optical disk recording/reproducing apparatus according 
to the present embodiment. 

First of all, the construction of the optical disk 
recording/reproducing apparatus will be described. The 

20 optical disk recording/reproducing apparatus according 
to the present embodiment comprises an optical disk 
rotation drive control system, a rough forwarding drive 
control system, a servo control circuit 5 which controls 
respective servo systems of the optical pickup control 

25 system, a laser control circuit 6 which controls the laser 
power supplied to an optical pickup 2, a l-V converting 
matrix circuit 8 which derives a reproduced RF signal, a 
focus error signal and a tracking error signal from a 
reflected light of the laser, and a signal control circuit 7. 

30 The optical disk rotation drive control system 
includes a spindle servo circuit 9, a spindle motor 3 and 
an optical disk 1. Here, the optical disk 1 forms the 
recording medium. The coarse forwarding drive control 
system includes a sled servo circuit 10 and a slide 

35 motor 4. The optical pickup control system includes the 
optical pickup 2, the l-V converting matrix circuit 8, a 
focusing servo circuit 1 1 , a tracking servo circuit 12 and 
the laser control circuit 6. Here, the l-V converting 
matrix circuit 8 includes a photodetector 21 for detecting 

40 the reflected light of the laser with two divided planes, 
an adder 22 for adding two divided signals, a subtracter 
23 for subtracting one of the two divided signals from 
the other, an RF amplifier circuit 24 for amplifying the 
reproduced RF signal from an output of the adder 2 and 

45 supplying a servo signal to a sled servo circuit 10, a 
focusing error detector circuit 25 for detecting a focusing 
error from an output of the subtracter 23, and a tracking 
error detector circuit 26 for detecting a tracking error sig- 
nal output from the sifctractor 23. Furthermore, the 

so laser control circuit 6 includes a PWM driver 1 4 for pulse 
width modulating the laser light and a laser diode 13 for 
emitting the laser tight. 

The signal control circuit 7 includes a system con- 
trol circuit 19 for controlling various parts of the appara- 

55 tus, an ECC encoder circuit 16 for adding the error 
correction code by the Reed Solomon code to data to 
be recorded, a modulator circuit 15 for 8/16 modulating 
the data to be recorded to which the error correction 
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code is added, a demodulator circuit 1 7 for 8/16 demod- 
ulating reproduced data and supplying a servo signal to 
the spindle servo circuit 9, and an ECC decoder circuit 
1 8 for error correction processing the reproduced data 
by the Reed Solomon code to output the resulting repro- 5 
duced data. Here, in this embodiment, the system con- 
trol circuit 19 particularly includes a target value setting 
and changing circuit 20 for offsetting the target value of 
the tracking servo from an ontrack state to a detrack 
state against the tracking servo circuit 12. 10 

Next, the connective relation of the optical disk 
recording/reproducing apparatus will be stated. Firstly, 
the connective relation of the optical disk rotation drive 
control system will be described. The spindle servo cir- 
cuit 9 is connected to the spindle motor 3 and this spin- is 
die motor 3 is connected to the optical disk 1 through a 
rotating mechanism. 

Next, the connective relation of the coarse forward- 
ing drive control system will be described. The sled 
servo circuit 1 0 is connected to the sled motor 4 and this 20 
sled motor 4 is connected to the optical pickup 2 of the 
optical pickup control system through the coarse for- 
warding mechanism. 

Next, the connective relation of the optical pickup 
control system will be described. The optical pickup 2 25 
has the photodiode 21 of the l-V converting matrix cir- 
cuit 8 and the two divided outputs of the photodiode 21 
are connected to the adder 22 and the subtracter 23, 
respectively. The adder 22 and the subtracter 23 are 
connected to the RF amplifier circuit 24 and at the same 30 
time to the focusing error detector circuit 25 and the 
tracking error detector circuit 26. 

Also, the focusing error detector circuit 25 and the 
tracking error detector circuit 26 are connected to the 
focusing servo circuit 1 1 and the tracking servo circuit 35 
12, and the focusing servo circuit 11 and the tracking 
servo circuit 12 are connected to a focusing coil and a 
tracking coil, though not shown, of the optical pickup 2, 
respectively. 

Next, the connective relation of the signal process- 40 
ing system will be described. The RF amplifier circuit 24 
is connected to the demodulator circuit 17 of the signal 
control circuit 7 and the demodulator circuit 17 is con- 
nected to the ECC decoder circuit 18. Also, the ECC 
encoder circuit 16 is connected to the modulator circuit 45 
15 and this modulator circuit 15 is connected to the 
PWM driver 14 of the laser control circuit 6. The PWM 
driver 14 is connected to the laser diode 13 and this 
laser diode 13 makes the optical pickup 2 to form a pre- 
determined laser beam. so 

Here, in this embodiment, the target value setting 
and changing circuit 20 of the system control circuit 19 
is particularly connected to the tracking servo circuit 12 
and has a function to enable the target value of the 
tracking servo to be offset from the ontrack state to the ss 
detrack state. 

The optical disk recording/reproducing apparatus is 
further connected to a host computer through the sys- 



tem control circuit 19 and an interface circuit not shown. 

Now, an operation of the optical disk record- 
ing/reproducing apparatus constructed in this manner 
will be described. When information signals are 
recorded or reproduced by the optical disk record- 
ing/reproducing apparatus according to commands 
from the host computer not shown, the optical pickup 2 
is positioned onto the target track location on the optical 
disk 1 by making the sled motor 4 to perform the seek- 
ing operation through the host computer, and then the 
tracking coil and the focusing coil are driven by the 
tracking servo circuit 12 and the focusing servo circuit 
1 1 to make the tracking and focusing to coincide with 
the target value by fine adjustment. 

In recording, the laser power is beforehand set to 
be on the erase power level by the laser control circuit 6 
for erasing information parts which are not to be 
recorded and then the laser power is adjusted to the 
write power level for recording information signal on the 
target track location. In reproducing, the laser power is 
adjusted to the read power level by the laser control cir- 
cuit 6 for reproducing the information signal recorded on 
the target track location. 

In the signal control system, the system control cir- 
cuit 19 supplies first a command of rotation to the spin- 
dle servo circuit 9 of the servo control circuit 5 according 
to the host computer. The spindle servo circuit 9 sup- 
plies a driving signal to the spindle motor 3 by this com- 
mand for causing the spindle motor 3 to rotate. A servo 
signal synchronously detected by the demodulator cir- 
cuit 1 7 from the reproduced RF signal is supplied to the 
spindle servo circuit 9. 

Next, the system control circuit 19 supplies a com- 
mand of the coarse forwarding to the sled servo circuit 
10 according to the host computer. The optical pickup 2 
reads information signal of the current position from the 
optical disk 1 and supplies the RF signal, an added sig- 
nal and a subtracted signal to the RF amplifier circuit 24, 
the focusing error detector circuit 25 and the tracking 
error detector circuit 26 through the photodiode 21 , the 
adder 22 and the subtracter 23. The tracking error 
detector circuit 26 generates from the difference signal 
a tracking error signal which is supplied to the sled 
servo circuit 10. The sled servo circuit 10 generates a 
driving signal based on the tracking error signal and 
supplies the driving signal to the sled motor 4. The sled 
motor 4 makes the optical pickup 2 to perform a rough 
seeking operation based on the driving signal through 
the coarse forwarding mechanism not shown. 

Trie operation of the seek servo system is com- 
prised of two operations of the sled motor system and 
an actuator system inside the optical pickup 2. The sled 
motor system makes the optical pickup 2 to perform the 
rough seeking operation by means of the slide motor 4 
and detects the location by an encoder not shown for 
positioning. The actuator system makes the optical 
pickup 2 to perform a fine seeking operation by two axes 
actuator using the tracking coil not shown. 
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The operation sequence of such a seek servo sys- 
tem will be described below. Firstly, the rough seeking 
operation is performed to the vicinity of the target track 
position. Even if the optical pickup 2 stops at the vicinity 
of the target address as a result of the rough seeking, a 5 
moving part of the actuator inside the optical pickup 2 
will not stop immediately but vibrate for a predetermined 
time of settlement until it stops. 

Next, a track pulling operation is performed for 
reading address information which has been reached. 10 
Here, since the performance of the track pulling opera- 
tion at a time point when a track eccentric velocity is 
large tends to cause a pulling error, this operation is set 
to be waited until the eccentric velocity approaches 
zero. is 

And then, the laser beam pursues the track and the 
tracking coil is driven by the driving signal from the 
tracking servo circuit 12 for the ontrack tracking. When 
the address is read out and the difference from the tar- 
get address is known, the fine seeking is performed by 20 
that difference. At this time, the optical pickup 2 reads 
the information signal of the current position from the 
optical disk 1 and supplies that signal to the tracking 
error detector circuit 26. 

Particularly, the photo diode 21 receives the laser 25 
light reflected by the optical disk 1 on the two divided 
planes. The photo diode 21 converts the two divided 
laser lights received into electric signals which are sup- 
plied to the subtracter 23. The subtracter 23 generates 
the difference signal by subtracting one of the two 30 
divided signals from the other. The tracking error detec- 
tor circuit 26 detects from that difference signal the 
tracking error signal which is supplied to the tracking 
servo circuit 12. The tracking servo circuit 12 performs 
the tracking of the optical pickup 2 based on the tracking 35 
error signal by means of the tracking coil of the two axes 
actuator not shown. Also, the focusing error detector cir- 
cuit 25 detects from another difference signal from the 
subtracter 23 the focusing error signal which is supplied 
to the focusing servo circuit 1 1 . The focusing servo cir- 40 
curt 1 1 performs the focusing of the optical pickup 2 
based on the focusing error signal by means of the 
focusing coil of the two axes actuator not shown. 

After the optical pickup 2 is positioned onto the tar- 
get track location, the operation of recording or repro- 45 
ducing wilt be performed as follows. In reproduction, the 
system control circuit 19 supplies a command of repro- 
duction to the PWM driver 14 of the laser control circuit 
6. The PWM driver 14 adjusts the laser light emitting 
power to be on the reproducing power level and sup- so 
plies it to the laser diode 13. The laser diode 13 irradi- 
ates the laser light onto the optical disk 1 through lens. 
The photo diode 21 receives the laser light reflected by 
the optical disk 1 on the two divided planes. The photo 
diode 21 converts the two divided laser lights received 55 
into the electric signals which are supplied to the adder 
22. The adder 22 adds the two divided signals for gen- 
erating the reproduced RF signal. 



The reproduced RF signal is supplied to the RF 
amplifier circuit 24. The RF amplifier circuit 24 high fre- 
quency amplifies the reproduced data and supplies the 
resulting data to the demodulator circuit 1 7. The demod- 
ulator circuit 17 8/16 demodulates the reproduced data. 
The demodulator circuit 1 7 supplies the demodulated 
data to the ECC decoder circuit 18. The ECC decoder 
circuit 18 applies the error correction processing to the 
reproduced data by Reed Solomon code for outputting 
the resulting reproduced data. The decoded information 
signal is supplied to the host computer. 

In recording, the system control circuit 19 supplies 
a command of recording to the PWM driver 14 of the 
laser control circuit 6. Data to be recorded which is sup- 
plied from the host computer is passed to the ECC 
encoder circuit 16. The ECC encoder circuit 16 adds an 
error correction code to the data to be recorded by the 
Reed Solomon code. The ECC encoder circuit 16 sup- 
plies the data to be recorded to which the error correc- 
tion code has been added to the modulator circuit 15. 
The modulator circuit 15 8/16 modulates the data to be 
recorded to which the error correction code has been 
added. The modulator circuit 15 supplies the modulated 
data to be recorded to the PWM driver 14 of the laser 
control circuit 6. The PWM driver 14 pulse width modu- 
lates the data to be recorded which is 8/16 modulated 
based on the record command, and supplies the laser 
light emitting signal on the write power level to the laser 
diode 13. The laser diode 13 irradiates the laser light 
onto the optical disk 1 through lens inside the optical 
pickup 2. The recording thin film of the optical disk 1 is 
heated into the amorphous state by the laser light and 
the data to be recorded are recorded on the target track 
location. 

In the present embodiment, when the tracking 
servo is performed especially in recording, the optical 
pickup is positioned by the target value setting and 
changing circuit 20 so that a laser beam should be 
detrack-offset by the predetermined value in the direc- 
tio n of re cording rather than that it should be ontrack on 
th elarge t track location, in which condition the data to 
be recorded will be formed continuously on a predeter- 
mined track portion. When the tracking servo is per- 
formed in reproduction, the recorded data is reproduced 
in a condition that the optical pickup is positioned so that 
the laser beam be ontrack on the target track location. 

A construction of the tracking servo system accord- 
ing to the present embodiment of the optical disk 
recording/reproducing apparatus which is constructed 
and operates in this manner will be described with refer- 
ence to FIG. 4. As shown in FIG. 4, this tracking servo 
system includes the optical disk 1, the optical pickup 2, 
the l-V conversion matrix circuit 8, the tracking servo cir- 
cuit 12, and the target value setting and changing circuit 
20. The optical pickup 2 includes a tracking coil 30 
which forms the two axes actuator, a lens 32 which is 
finely adjustable in the direction of track by the tracking 
coil 30 and forms the laser beam, and a beam splitter 31 
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which separates only the reflected light which is 
reflected by the optical disk 1 . 

Furthermore, the l-V conversion matrix circuit 8 in 
this tracking servo system includes the photo diode 21 
which has the two divided light receiving planes A and 
B, and detects the reflected light of the optical disk 1 
from the beam splitter 31 , and the tracking error detec- 
tor circuit 26 which inputs the respective signals from 
the two divided light receiving planes A and B of the 
photo diode 21 at a non-converting input (+) and a con- 
verting input (-) of a differential amplifier circuit, and 
detects the difference signal A-B as the tracking error 
signal. 

Moreover, the target value setting and changing cir- 
cuit 20 has a function which, in reproduction, sets the 
target value of the tracking servo to be "0" so that the 
tracking servo may work in the ontrack mode, and in 
recording, sets the target value of the tracking servo to 
be n ±a n so that the tracking servo may work in the 
detrack mode, thus altering the setting of the target 
value of the tracking servo. Regarding the target value, 
a value which was found in advance by an experiment 
based on the optical system, the pit width on the record- 
ing thin film and the track pitch is set up as the initial tar- 
get value. The detrack amount is set so that the edge 
portion of the track width in the direction toward the 
internal circumference of the disk may coincide with the 
circumference portion of a light beam spot which is 
formed by irradiating the laser beam on a track and 
which is effective upon the recording, in the direction 
toward the internal circumference of the disk. 

Furthermore, the tracking servo circuit 12 includes 
an adder 27 which adds the target value from the target 
value setting and changing circuit 20 to the tracking 
error signal from the tracking error detector circuit 26, a 
LPF and phase compensation circuit 28 which removes 
noise and oscillation from an output of the adder 27 so 
that the servo may work based on the mean value, and 
compensates for a phase delay until it follows the target 
value, and a tracking driver 29 which amplifies an output 
from the LPF and phase compensation circuit 28 for 
outputting the tracking servo signal. 

The tracking servo system as described above 
operates as follows. In this tracking servo system, the 
reflected light on the optical disk 1 separated by the 
beam splitter 31 is detected on the two divided light 
receiving planes A and B of the photo diode 21. The 
respective signals from the two divided light receiving 
planes A and B of the photo diode 21 are supplied to the 
non-converting input (+) and the converting input (-) of 
the differential amplifier circuit forming the tracking error 
detector circuit 26. The tracking error detector circuit 26 
detects the difference signal A-B as the tracking error 
signal. 

As described above, the target value setting and 
changing circuit 20 sets, in reproduction, the target 
value of the tracking servo to be *0" so that the tracking 
servo will work in the ontrack mode, and sets, in record- 



ing, the target value of the tracking servo to be "±a" so 
that the tracking servo will work in the detrack mode, 
thus altering the setting of the target value of the track- 
ing servo. 

5 Also, in the tracking servo circuit 12, the target 
value from the target value setting and changing circuit 
20 is added to the tracking error signal from the tracking 
error detector circuit 26 in the adder 27. The added out- 
put from the adder 27 is supplied to the LPF and phase 

10 compensation circuit 28. In the LPF and phase compen- 
sating circuit 28 the noise and oscillation from the adder 
27 are removed so that the servo will work on the mean 
value, and the phase delay until it follows the target 
value is compensated for. The output from the LPF and 

75 phase compensation circuit 28 is supplied to the track- 
ing driver 29. In the tracking driver 29, the output from 
the LPF and phase compensation circuit 28 is amplified 
to a level that it can drive the tracking coil 30 for output- 
ting the tracking servo signal. 

20 In the optical pickup 2, the lens 32 is finely adjusted 
by the tracking coil 30 in the direction of track In repro- 
duction, the laser beam is formed by the lens 32 in the 
condition that the target value of the tracking servo is set 
to be "0" so that the target value of the tracking servo 

25 will work in the ontrack mode and then the recorded pits 
on the recording thin film of the optical disk 1 are repro- 
duced. Also, in recording, the laser beam is formed by 
the lens 32 in the condition that the target value of the 
tracking servo is set to be "±ot" so that the tracking servo 

30 will work in the detrack mode and then the recorded pits 
are formed on the recording thin film of the optical disk 
1. 

Such a tracking method as described above is 
called the push-pull method. Referring to FIGS. 5A and 

35 5B, the tracking ser vo by the push -pull method using the 
function of setting/altering the target value according to 
the present embodiment will be described. Referring to 
FIG. 5A, in the land-groove recording method in which 
information data are recorded on both the groove por- 

40 tions G1 t G2, G3 and portions called the land portions 
L1 , L2, L3 between the groove portions G1 , G2, G3 and 
the groove portions G1, G2, G3, in order to record the 
information data on both the groove portions G1, G2, 
G3 and the land portions L1, L2, L3 adjacent each 

45 other, it is necessary to perform the tracking of both the 
groove portions G1, G2, G3 and the land portions L1, 
L2, L3. 

The push-pull method is, as described above, the \/ 
method which detects the tracking error by extracting 

so the reflected and diffracted light in the groove portions 
G1 , G2, G3 on the recording thin film of the optical disk 
1 as the difference between outputs on the two divided 
light receiving planes of the photo diode 21 . Specifically, 
as FIGS. 5A and 5B shows, when the laser spot coin- 

55 cides with the center of the groove portions G1 , G2, G3 
or the center of the laser spot coincides with the center 
of the land portions L1 , L2, L3, i.e. the middle portions 
between the groove portions G1 , G2, G3 and the groove 
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portions G1 , G2, G3, the tracking error signal 33 having 
a level of 0 as a symmetrical reflected/diffracted light 
distribution as shown in FIG. 5B is obtained. Otherwise, 
under the detrack conditions, the tracking error signal 
33 is expressed as a S-shaped curve as the 
reflected/diffracted light distribution with asymmetrical 
light intensity. 

In this instance, the target value setting and chang- 
ing circuit 20, especially in reproduction, sets the target 
value of the tracking servo to be "0" for tracking in the 
o ntrack .st ate in which the respective centers of the 
groove portions G1 , G2, G3 and the land portions L1 , 
L2, L3 coincide with the center of the laser spot, so that 
the tracking servo may work at respective time points 0, 
X72, X, X3/2, 2X, X5/2 with respect to one wave length A. 
of the tracking error signal 33 shown in FIG. 5B. 

However, in recording^the target value of the track- 
^ ing servo is set to ^g^a" n wiBg respect to the groove 
portions G1, G2, G3 for tracking in the detrack state in 
which the centers of the groove portions G1, G2, G3 
and the center of the laser spot are offset each other by 
a det&GfeQjfeey^ou^ by 35 and the set- 

ting of the target value of the tracking servo is altered, 
so that the tracking servo may work at respective time 
points X/Q, X9/Q, X17/8 with respect to one wave length 
A, of the tracking error signal 33 shown in FIG. 5B. 

Moreover, the target value is set to be n -a" with 
respect to the land portions L1 , L2 t L3 for tracking in the 
detrack state in which the centers of the land portions 
L1 , L2, L3 and the center of the laser spot are offset 
each other by the amount of detrack-offset "a" and the 
setting of the target value of the tracking servo is 
altered, so that the tracking servo may work at respec- 
tive time points X5IS, X13/8, X21/8 with respect to one 
wave length X of the tracing signal. 

In this way, by altering the setting of the target value 
of the tracking servo so that the tracing servo will work 
in the detrack mode, it is possible to perform the track- 
ing in the detrack mode in which each of the groove por- 
tions G1 , G2, G3 and the land portions L1 , L2, L3 on the 
recording thin film of the optical disk 1 is offset each 
other by the detrack-offset amount "a" denoted by 35. 

Next, the land-groove recording according to the 
present embodiment will be described with reference to 

/FIG. 6. As already stated in the prior art, the recording 
was performed in the past by the groove recording 
method in which the pit called a record mark 41 was 
formed only in the groove portion G1 on the recording 
thin film 42 formed on a resin substrate 40 of the optical 
disk 1 . The land-groove recording method begins to be 
used, in which the record mark 41 is formed also on the 
land portions L1 , L2 between the groove portion G1 and 
a front and a rear groove portions GO, G2 not shown, as 
shown in FIG. 6. When the land-groove recording 
method is utilized, an advantage is provided in which it 
is possible to acquire twice as high track recording den- 
sity with the conventional substrate molding technique 
and tracking servo technique. 
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In this context, if the track pitch is made small, the 
cross-erasing which erases the recorded signal in the 
adjacent tracks or the cross talk which reads the 
recorded signal in the adjacent tracks are generated, as 

5 mentioned on the problem to be solved. In case of the 
cross talk, if the reproduction is performed by the 
change of reflectance like the phase change recording 
described later, it is possible to reduce it by making a 
depth h of the groove portion G1 about Xt/6 relative to a 

w wave length eo of the beam. In this case, using the opti- 
cal system in which the wave length of the laser beam XX 
= 680[nm] and the numerical aperture NA =0.6, it is pos- 
sible to perform the recording/reproducing which is not 
affected by the cross talk even if the groove width and 

is the land width of the track pitch is 0. 74 [nn]. Particularly, 
assuming that the reflectance of the record mark is low 
enough to be non-reflective and the reflectance of the 
non-recorded portion is sufficiently high, since the cross 
talk is caused by a difference of the reflected light quan- 
go trty which reaches the photodiode 21 through the objec- 
tive lens between the case where there is a record on 
an adjacent track and the other case, the aforesaid con- 
dition can be obtained by finding the dependency of the 
reflected light quantity on the groove depth h. They are 

25 evident by the experiment. 

Contrary to this, the cross-erasing has a great influ- 
ence even in the case where the effective diameter of 
the laser beam is 1 frim] and the groove width and the 
land width as the track pitch are 0.74 [urn]. As shown in 

30 FIG. 6, in a future optical disk of next generation, it is 
demanded and examined to make widths of the groove 
G1 and the land L1, L2 to be 0.6 [urn] or 0.5 [urn]. The 
influence of the cross-erasing in this case will be esti- 
mated to be further greater. 

35 Therefore, in the present embodiment, the setting 
of the target value of the tracking servo is altered by the 
target value setting and changing circ uit 20 for d etrack- 
ing to the adjacent track in the recording direction, 
thereby causing the laser spot to be detracked to the 

40 adjacent track in the recording direction for recording, 
so that the cross-erasing which erases the recorded 
mark recorded in the adjacent track in the direction 
toward the internal circumference of the disk can be 
prevented. 

45 Next, referring to FIGS. 7A and 7B, the principle of 
the phase change recording will be described. Gener- 
ally, the phase change disk is initially in the crystalline 
state as shown in FIG. 7B, and the recording is per- 
formed by changing the crystalline state into the amor- 

so phus (non-crystalline) state as shown in FIG. 7A, 
whereas the erasing is performed by changing the 
amorphous state shown in FIG. 7A into the crystalline 
state as shown in FIG. 7B. Specifically, in recording, the 
temperature of the recording thin film of the optical disk 

55 1 is raised to the melting point by the irradiation of the 
laser beam with the write power, and then the tempera- 
ture is quickly lowered for rapid cooling without causing 
the solidification to create the amorphus state as shown 
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in FIG. 7A. In erasing, the temperature of the recording 
thin film of the optical disk 1 is raised to the melting point 
by the irradiation of the laser beam with the erase 
power, and then the temperature is gradually lowered 
with small cooling speed or the temperature is kept over 5 
the temperature which causes the amorphous state for 
a certain time period, thereby returning to the crystalline 
state. In particular, it is called fused crystallization or liq- 
uid phase crystallization to crystallize from the state in 
which the temperature is raised over the melting point, w 
and it is called solid phase crystallization to crystallize 
from an over-cooled liquid state. 

Properties which are necessary for materials to 
perform such a phase change as described above will 
be shown below. Concerning reproduction, the first 15 
property is that the change of the optical constant 
(refractive index) between the crystalline state and the 
amorphous state is large. The second property is that 
the diameter of the crystal grain is small. In addition to 
these property, concerning recording/erasing, in order 20 
to enable a sufficient crystallization, namely high speed 
erasing by the heat which scanning laser spot affords. 
The third property in which the crystallizing speed can 
to some extent quickly be controlled is necessary. The 
fourth property is that the kind of crystal formed is few 25 
(the atomic diffusion requires little time). In order to form 
the amorphous mark by the laser pulse with high power, 
the fifth property in which the minimum cooling speed 
required for making the amorphous state(critical cooling 
speed) is not too large is needed. 30 

Furthermore, in order to ensure a sufficient number 
of times of rewriting, it is necessary for the film organi- 
zation not to change in a process of fusion to solidifica- 
tion. Particularly in order to make it difficult to produce a 
difference of separated organization (segregation) 35 
between a central portion and its circumferential portion 
due to a temperature distribution within a surface of 
heat-melted portion by the recording laser spot the 
sixth property in which its composition is close to that of 
a chemical compound and one kind of crystal is formed 40 
and the seventh property in which, if two or more kinds 
of crystals are formed, a difference between the melting 
point is small are needed. Moreover, in order to sup- 
press a structural change due to the growth of the crys- 
tal grain boundary, it is required that the crystal grain 45 
diameter is small, and so on. 

The recording and erasing of information are per- 
formed by using the aforesaid material as the recording 
thin film, heating the recording thin film by laser light 
irradiation to raise its temperature and causing the crys- so 
talline phase change in its structure. The reproduction 
of information is performed by detecting the reflectance 
change resulting from the change of the optical constant 
between the phases. 

The amorphous state as described above is ss 
obtained by heating the recording thin film by laser light 
irradiation to raise its temperature to the melting point or 
over and cooling rapidly after it is melted. The crystalline 



state is obtained by heating to raise its temperature 
higher than the crystallizing temperature but lower than 
the melting point. The rapid coding and gradual cooling 
are a relative concept and its absolute value differs 
depending on its material. However, in order to obtain 
the general amorphous state, a cooling speed of about 
107-109 [deg/sec] is required. 

When it is utilized as the optical disk 1, the phase 
change must be realized by the irradiation of laser beam 
with a diameter of 1 [urn], for example. When the laser 
beam with a diameter of 1 [urn] passes at a linear veloc- 
ity of 10 [m/sec], a time period in which the light irradi- 
ates a certain point on the disk is only 100[n sec], during 
which time period the phase change must be caused. 

Since the amorphous state is obtained by melting 
and rapid cooling, that time period can be shortened as 
far as the laser power allows. However, because the 
crystalline state is the rearrangement of atoms, a time 
period for crystallization depending on the material 
nature is necessary. Therefore, materials used for the 
phase change type of optical disk need not only that the 
amorphous state thereof is stable, but also that they are 
crystallized in such a short period of time as 100[n sec]. 

If the crystallizing speed of materials is sufficiently 
large and the crystallizing time period is so short that 
they are crystallized within the passage time of the laser 
beam, it will be possible to perform by a single beam the 
overwriting operation in which new data are written 
while already recorded data are erased through one 
beam by modulating the laser power between the write 
(amorphous state) power and the erase (crystalline 
state) power. 

If new data are recorded by using the pulse width 
modulated laser tight, in the track where data are 
already recorded, a portion which is irradiated with the 
write power is fused and cooled rapidly to go into the 
amorphous state in spite of a previous state, and a por- 
tion which is irradiated with the erase power is likewise 
crystallized irrespective of a previous state. In this way, 
by irradiating the laser light once, it is possible to record 
new data overwritten while erasing previous data. 

Referring to FIGS. 8A to 8C, the overwriting of the 
phase change recording according to the present 
embodiment will be described. 

The optical recording method according to the 
present embodiment will be described below in further 
detail. 

In FIG. 8A, the vertical axis represents a light out- 
put of the laser beam output by the laser control circuit 
6, and the horizontal axis represents a time [s]. The light 
output of the laser beam has three steps of levels i.e. 
the write power WP which is a high level output to ena- 
ble a writing operation W, the erase power EP which is 
a middle level output to enable an erasing operation E, 
and the read power RP which is a low level output to 
enable a reading operation R. In addition, the erasing 
operation E can be performed simultaneously with the 
writing operation W by modulating the light pulse in the 



15 



20 



25 



30 



35 



40 



10 



19 EP 0 831 468 A2 20 



PWM driver 14 or performed independently before the 
writing operation W. 

In FIG. 8B, record marks 61 and 62 which are 
formed by the laser beam on the land portion L and the 
groove portion G before the overwriting operation are s 
shown. Also, in FIG. 8C, the record marks 61, 62, 63 
and 64 which are formed by the laser beam on the land 
portion L and the groove portion G after the overwriting 
operation are shown. Further, in FIGS. 8B and 8C, it is 
assumed that the land portion L and the groove portion 10 
G are arranged in this sequence toward the external cir- 
cumference of the disk and the recording operation pro- 
ceeds in the direction from the land portion L to the 
groove portion G. Particularly, in FIG. 8B, while the 
record marks 61 and 62 are formed on the land portion 15 
L before the overwriting operation, because the laser 
beam spot diameter is larger than the width of the land 
portion L and the groove portion G of the track pitch, 
they are recorded sticking out into the adjacent groove 
portion G in the direction toward the external circumfer- 20 
ence of the disk as shown by hatched portion. In this 
condition, the new record marks 63 and 64 are formed 
on the groove portion G after the overwriting operation, 
as shown in FIG. 8C. 

Firstly, as shown in FIG. 8A, during a period of the 25 
reading operation R, the light output of the laser beam 
goes to have the read power RP enabling the reading 
operation R with the low level output Next, during a 
period of the writing operation W, the light output of the 
laser beam goes to have the erase power EP enabling 30 
the erasing operation E with the middle level output 
before the writing operation W. At this time, as shown in 
FIG. 8B, there exists the record mark 61 which has 
been formed on the land portion L and the groove por- 
tion G by the laser beam before the overwriting opera- 35 
tion. Its portion shown by the hatching is the portion 
which sticks out into the groove portion G. This hatched 
portion stuck out into the groove portion G changes into 
the crystalline state 65 after the overwriting by the erase 
power EP as shown in FIG. 8C, thus making that portion 40 
to be in an erased state 67 as shown by dotted lines. In 
this manner, a track portion in which the record mark is 
not formed is changed into the crystalline state 65, 
namely the erased state 67. 

Next, the light output of the laser beam goes to a 45 
light putse 60 which is pulse width modulated between 
the write power WP enabling the writing operation W 
with the high level output and the erase power EP ena- 
bling the erasing operation E with the middle level out- 
put. As shown in FIG. 8C after the overwriting the new so 
record mark 63 is formed on the groove portion G by 
going into the amorphous state 66. At this time, as 
shown in FIG. 8B, there exists the record mark 62 which 
has been formed by the laser beam on the land portion 
L and the groove portion G before the overwriting oper- 55 
ation. Its crosshatched portion is the portion which 
sticks into the groove portion G. As shown in FIG. 8C, 
since this crosshatched portion struck into the groove 



portion G changes into the amorphous state 66 after the 
overwriting by the light pulse 60 pulse width modulated, 
that portion is made to be in an overwritten state 68 as 
shown by dotted lines. In this manner, a track portion in 
which the record mark is formed is changed into the 
amorphous state 66, namely the overwritten state 68. 

Like wise, during a period of the subsequent writing 
operation W, the light output of the laser beam goes to 
have the erase power EP which enables the erasing 
operation E with the middle level output, before perform- 
ing the writing operation W. At this time, as shown in 
FIG. 8B there exists the record mark 62 which has been 
formed by the laser beam on the land portion L and the 
groove portion G before the overwriting operation. Its 
portion shown by the hatching is the portion which 
sticks out into the groove portion G. This hatched por- 
tion changes into the crystalline state 65 after the over- 
writing by the erase power EP as shown in FIG. 8C, 
which makes that portion to be in the erased state 67 as 
shown by dotted lines. In this same manner, a track por- 
tion in which the record mark is not formed is changed 
into the crystalline state 65, namely the erased state 67. 

Similarly, during a period of subsequent writing 
operation W, the light output of the laser beam goes to 
the light pulse 60 which is putse width modulated 
between the write power WP enabling the write opera- 
tion W with high level output and the erase power EP 
enabling the erase operation E with middle level output. 
Thus, as shown in FIG. 8C t the new record mark 64 is 
formed on the groove portion G which goes to the amor- 
phous state 66 after the overwriting. At this time, as 
shown in FIG. 8B, there exists the record mark 62 which 
has been formed by the laser beam on the land portion 
L and the groove portion G before the overwriting oper- 
ation. Its portion shown by the crosshatching is the por- 
tion which sticks out into the groove portion G. Since the 
crosshatched portion sticking out into the groove por- 
tion G goes to the amorphous state 66 after the over- 
writing by the light pulse 60 pulse width modulated, as 
shown in FIG. 8C, that portion is made to be in the over- 
written state 68 shown by dotted lines. In this same 
manner, a track portion in which the record mark is 
formed is changed into the amorphous state 66, namely 
the overwriting state 68. 

Likewise, during a period of the subsequent writing 
operation W, the light output of the laser beam goes to 
have the erase power EP which enables the erasing 
operation E with the middle level at the last stage of the 
writing operation W. At this time, there exists the record 
mark 62 which has been formed by the laser beam on 
the land portion L and the groove portion G before the 
overwriting operation, as shown in FIG. 8B. Its portion 
shown by hatchings is the portion which sticks out into 
the groove portion G. This shaded portion stuck to the 
groove portion G changes into the crystalline state 65 
after the overwriting by the erase power EP as shown in 
FIG. 8C, which makes that portion to be in the erased 
state 67 as shown by dotted lines. In this same way, a 
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track portion in which the record mark is not formed is 
changed into the crystalline state 65, namely the erased 
state 67. 

Thus, since the laser beam is offset by the prede- 
termined amount to the following track in the recording 
direction by means of the target setting/altering means 
20 so that the tip end of the laser beam in the direction 
toward the internal circumference of the disk may coin- 
cide with the tip end of the land portion L or the groove 
portion G in the direction toward the internal circumfer- 
ence of the disk, the portion of the record mark which 
sticks out into the adjacent track in the direction toward 
the external circumference of the disk is erased by the 
erasing operation or overwritten by the overwriting oper- 
ation, thus causing the new record marks to be formed 
sequentially, which makes the record marks to be 
formed in the effective track width of the land portion L 
or the groove portion G. 

Since, by recording the record marks in this way, it 
will never happen to erase the record mark within the 
effective track width of the land portion L or the groove 
portion G of the adjacent track in the direction toward 
the internal circumference of the disk, so that it is possi- 
ble to solve the cross-erasing problem. 

Moreover, even if the effective track width of the 
land portion L or the groove portion G of the track pitch 
may be made smaller against the diameter of the light 
beam spot, it is possible to erase by the erasing opera- 
tion or to form sequentially the new record marks by the 
overwriting operation without causing the cross-erasing, 
thereby allowing the record marks to be formed in the 
effective track width of the land portion L or the groove 
portion G. 

FIG. 9 shows the specific operation of the land- 
groove recording method according to the present 
embodiment using the aforesaid phase change record- 
ing and overwriting recording, which will be described 
below. This embodiment is to be used in a sequential 
\{ reoording in whi cjiyideojjata a re recorded continuously 
on a disk. Furthermore, it is applicable not only to the 
continuous recording of the data on all the tracks on the 
disk but also to the recording in which data group are 
recorded on a desired track of the disk if the data group 
are continuously recorded on a plurality of continuous 
tracks. Moreover, the recording method according to the 
present invention can be applied when no data is 
recorded on a track succeeding the track where data is 
to be recorded and when unnecessary data is recorded 
thereon. 

Referring to FIG. 9, the laser spot of a laser beam is 
that of the laser beam which is output from the laser 
control circuit 6 of FIG. 3 as shown in FIGS. 8A to 8C. In 
the same way as shown in FIGS. 8A to 8C, the light out- 
put of the laser beam has three steps of levels, namely, 
the write power WP which is a high level output and 
enables the writing operation W, the erase power EP 
which is a middle level output and enables the erasing 
operation E and the read power RP which is a low level 



output and enables the reading operation R. Further, 
the erasing operation E can be performed simultane- 
ously with the writing operation W by modulating the 
light pulse in the PWM driver 14. Also, it is needless to 

5 say that the erasing operation E can be performed inde- 
pendently before performing the writing operation W. 
Again, in FIG. 9. the land portion L1 1 the groove portion 
G1, the land portion L2 and the groove portion G2 are 
arranged in this sequence toward the external circum- 

w ference of the disk, and it is assumed that the recording 
operation will proceed in the direction from the land por- 
tion L1 to the groove portion G1 , the land portion L2 and 
the groove portion G2. 

Referring to FIG. 9, record marks 70 and 71 are first 

is formed by the laser beam on the land portion L1 in the 
side of the internal circumference of the disk along the 
direction of disk rotation. Next, new record marks 72 
and 73 are formed by the overwriting of the laser beam 
on the groove G1 adjacent the land portion L1 in the 

20 direction toward the external circumference of the disk. 
At this time, while the record marks 70 and 71 are 
formed on the land portion L1 before the overwriting 
operation, because the diameter of the laser beam spot 
75 is larger than each width of the land portion L1 and 

25 the groove portion G1 . they are recorded sticking out 
into the adjacent groove portion G1 in the direction 
toward the external circumference of the disk as shown 
by the hatched portions. The operation in which the new 
record marks 72 and 73 are formed in this condition on 

30 the groove portion G1 after the overwriting operation on 
the groove portion G1 will be described. 

To begin with the writing operation, the light output 
[mW] of the laser beam goes to the light pulse which is 
pulse width modulated between the write power WP 

35 enabling the writing operation W with the high level out- 
put and the erase power EP enabling the erasing oper- 
ation E with the middle level output. Thus, as shown in 
the groove portion G1, the new record mark 72 is 
formed on the groove portion G1 due to the amorphous 

40 state resulting after the overwriting. At this time, there 
exists the record mark 70 which has been formed by the 
laser beam on the land portion L1 and the groove por- 
tion G1 before the overwriting operation as shown in the 
groove portion G1 . Its portion shown by a broken line is 

45 the portion which sticks out into the groove portion G1 . 
The portion shown by a broken line sticking out into the 
groove portion G1 is changed into the amorphous state, 
as shown in an groove portion G1, after the overwriting 
by the pulse width modulated light pulse, thereby caus- 

so ing that portion to be in the overwritten state 77 as 
shown by a broken line. In this manner, the track portion 
on which the record mark is formed is changed into the 
amorphous state, namely the overwritten state 77. 
Next, as shown on the groove portion G1 in the 

55 direction of disk rotation, the light output of the laser 
beam goes to have the erase power EP enabling the 
erasing operation with the middle level output. At this 
time, there exists the record mark 70 which has been 
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formed by the laser beam on the land portion L1 and the 
groove portion G1 before the overwriting operation. Its 
portion shown by the hatching is the portion which 
sticks out into the groove portion G1. The hatched por- 
tion sticking out into the groove portion G1 changes, as 5 
shown in the groove portion G1 , into the crystalline state 
after overwriting by the erase power EP, thereby causing 
that portion to be in an erased state 78. In this manner, 
the track portion on which the record mark is not formed 
is changed into the crystalline state, namely the erased w 
state 78. 

Next, as shown on the groove portion G1 in the 
direction of disk rotation, the light output of the laser 
beam goes to the light putse, for the writing operation, 
which is pulse width modulated between the write 15 
power WP enabling the writing operation W with the 
high level output and the erase power EP enabling the 
erasing operation E with the middle level output. There- 
fore, as shown in the groove portion G1 , the new record 
mark 73 is formed on the groove portion G1 due to the 20 
amorphous state resulting after the overwriting. At this 
time, there exists the record mark 71 which has been 
formed by the laser beam on the land portion L1 and the 
groove portion G1 before the overwriting operation as 
shown in the groove portion G1 . Its portion shown by a 25 
broken line is the portion which sticks out into the 
groove portion G1. By the pulse width modulated light 
pulse, the portion shown by a broken line sticking out 
into the groove portion G1 , as shown in the groove por- 
tion G1, changes into the amorphous state after the 30 
overwriting, thus making that portion to be in the over- 
written state 77. In this manner, the track portion on 
which the record mark is to be formed is changed into 
the amorphous state, namely the overwritten state 77. 

Next, as shown on the groove portion G1 in the 35 
direction of disk rotation, the light output of the laser 
beam goes to have the erase power EP which is the 
middle level output and enables the erasing operation 
E. At this time, there exists the record mark 71 which 
has been formed by the laser beam on the land portion 40 
L1 and the groove portion G1 before the overwriting 
operation. Its portion shown by the hatching is the por- 
tion which sticks into the groove portion G1. By the 
erase power Ep, the hatched portion sticking out into the 
groove portion G1 , as shown in the groove portion Gl , 45 
changes into the crystalline state after the overwriting, 
thereby causing that portion to be in the erased state 
78. In this manner, the track portion on which the record 
mark is not formed is changed into he crystalline state, 
namely the erased state 78. so 

Likewise, as shown on the land portion L2 in the 
direction of disk rotation the light output of the laser 
beam goes to have the erase power EP enabling the 
erasing operation E with the middle level output before 
the writing operation W. At this time, there exists the 55 
record mark 72 which has been formed by the laser 
beam on the groove portion Gl and the land portion L2 
before the overwriting operation. Its portion shown by 



the hatching is the portion which sticks out into the land 
portion L2. By the erase power EP, the hatched portion 
sticking out into the land portion L2, as shown on the 
land portion L2, changes into the crystalline state after 
the overwriting, thus making that portion to be in the 
erased state 78 as shown by the hatching. In this same 
manner, the track portion on which the record mark is 
not formed is changed into the crystalline state, namely 
the erased state 78. 

Similarly, as shown on the land portion 12 in the 
direction of disk rotation, during a period of subsequent 
writing operation W, the light output of the laser beam 
goes to the light pulse which is pulse width modulated 
between the write power WP enabling the writing oper- 
ation W with the high level output and the erase power 
EP enabling the erasing operation with the middle level 
output Therefore, as shown on the land portion L2, the 
new record mark 74 is formed on the land portion L2 
due to the amorphous state resulting after the overwrit- 
ing. At this time, the record mark 74 changes into the 
amorphous state after overwriting by the pulse width 
modulated light pulse, which makes that mark to be in 
the overwritten state. In this same manner, the track 
portion on which the record mark is formed is changed 
into the amorphous state, namely the overwritten state 
77. 

Likewise, as shown on the land portion L2 in the 
direction of disk rotation, the light output of the laser 
beam goes to have the erase power EP which is the 
middle level output and enables the erasing operation 
E. At this time, there exists the record mark 73 which 
has been formed by the laser beam on the groove por- 
tion G1 and the land portion L2 before the overwriting 
operation. Its portion shown by the hatching is the por- 
tion which sticks out into he land portion L2. By the 
erase power EP, the hatched portion sticking out into the 
land portion L2, as shown on the land portion L2, 
changes into the crystalline state after overwriting, 
thereby making that portion to be the erased state as 
shown by the hatching. In this same manner, the track 
portion on which the record mark is not formed is 
changed into the crystalline state, namely the erased 
state 78. 

Similarly, as shown on the land portion L2 in the 
direction of disk rotation, at the last of a period of subse- 
quent writing operation W, the light output of the laser 
beam goes to the light pulse which is pulse width mod- 
ulated between the write power WP enabling the writing 
operation with the high level output and the erase power 
EP enabling the erasing operation E with the middle 
level output. Therefore, as shown on the land portion 
L2, a new record mark 76 is formed on the land portion 
L2 due to the amorphous state resulting after the over- 
writing. At this time, the record mark 76 changes into 
the amorphous state after overwriting by the pulse width 
modulated light pulse, thereby making that mark to be in 
the overwritten state. In this same manner, the track 
portion on which the record mark is formed is changed 
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into the amorphous state, namely the overwritten state 
77. 

In this way. since the target value setting and 
changing circuit 20 offsets the laser beam by the 
detrack-offset amount "a" so that the tip end of the laser 5 
beam in the direction toward the internal circumference 
of the disk will coincide with the tip end of the land por- 
tion L1 or the groove portion G1 and the land portion L2 
or the groove portion G2 in the internal circumference of 
the disk, the portions sticking out into an adjacent track 
in the direction toward the external circumference of the 
disk are erased by the erasing operation, or the record 
marks 70, 71 , 72, 73, 74 and 76 are formed on the effec- 
tive track width of the land portion L1 or the groove por- 
tion G1 and the land portion L2 or the groove portion G2 
by sequentially forming the new record marks through 
overwriting the sticking portions. 

Since, by recording the record mark in this manner, 
the record marks 70, 71, 72, 73, 74 and 76 within the 
effective track width of the land portion L1 or the groove 
portion G1 and the land portion L2 or the groove portion 
G2 of an adjacent track will never be erased, the cross- 
erasing problem can be solved. 

Even if the effective track width of the land portion 
L1 and the groove portion G1 as will as the land portion 
12 and the groove portion G2 may be made as smaller 
relative to the diameter of the laser beam spot 75, by 
erasing through the erasing operation or forming the 
record marks 70, 71, 72, 73, 74 and 76 through the 
overwriting operation without causing the cross-erasing, 
it is possible to form the record marks 70, 71, 72, 73, 74 
and 76 in the effective track width of the land portion L1 
or the groove portion G1 and the land portion L2 or the 
groove portion G2. 

FIG. 10 shows the formation of a double spiral 
groove of the optical disk according to the present 
embodiment. FIG. 10A shows a double spiral groove G 
which is illustrated as a spiral solid line. The groove G is 
before hand formed spirally on the resin substrate of the 
optical disk with a predetermined track width in the 
direction from its internal circumference toward its outer 
circumference. At this time, the land L is formed 
between the adjacent grooves G and G. FIG. 10B 
shows a track location information 80 provided on the 
groove G. The track location information 80 is recorded 
on the groove G and is frequency modulated as address 
information so that the groove G should be zigzag- 
shaped. By detecting the track location information 80, 
the system control circuit 19 is able to recognize the 
recorded position of the groove G or the land L. 

FIGS. 11Aand 11B shows the formation of asingle 
spiral groove of the optical disk according to the present 
embodiment. FIG. 11 A shows a single spiral groove G 
which is illustrated as spiral solid lines. The groove G 
and the land L are spirally and continuously formed 
beforehand on the resin substrate of the optical disk 
with a predetermined track width in the direction from its 
internal circumference toward its external circumfer- 



ence. In this case, the land L is formed continuously 
after formation of the groove G and the groove G is 
formed continuously after formation of that land L and 
so on, such that they are sequentially formed in alter- 
nate manner toward the external circumference of the 
disk. In addition, partitions are provided at every prede- 
termined sector of the groove G or the land L as shown 
by one-dot chain lines. FIG. 1 1 B shows a track location 
information 90 provided in the partitions of the groove G 
shown in FIG. 1 1 B. The track location information 90 is 
recorded as address information of the sector by provid- 
ing record marks 91 in every predetermined sector. In 
the same way, by detecting the track location informa- 
tion 90, the system control circuit 19 can recognize the 
recorded position on the groove G or the land L 

FIG. 12 shows a recorded condition of the record 
marks by the land-groove recording method according 
to the present embodiment. As described above, the 
record marks formed on the groove G and the land L are 
formed on the recording thin film of the optical disk in 
such a condition as shown in FIG. 12. Particularly as 
FIG. 12 shows, a record mark 100 is formed on the land 
portion L1 in the effective width thereof. However, on the 
groove portion G1 adjacent to the land portion LI in the 
direction toward the external circumference, since the 
overwriting operation is performed as previously 
described, the record mark portion sticking out from the 
land portion L1 into the groove portion G1 is erased in 
advance o disappear, which creates a condition in 
which an only new record mark 101 is formed in the 
effective width of the groove portion G1. The record 
marks 100, 101 are sequentially formed in all the width 
direction areas of the groove G and the land L. The tar- 
get value of the tracing servo is reset to "0" by the target 
value setting and changing circuit 20 in reproduction, 
thereby allowing the laser beam to track a central posi- 
tion in the width direction of the groove G and the land 
L. Therefore, it is possible to obtain the reproduced sig- 
nal without the cross talk on the conditions as previously 
described. 

FIG. 13 shows the track pitch of the land-groove 
recording method according to the present embodi- 
ment In the present embodiment, the sum of the two 
respective effective widths of the groove G and the land 
L is called a track pitch Tp v In the track pitch Tp 1 , each 
width of the groove G and the land L has an equal 
length, that is, 50% in length, respectively 

FIG. 14 shows a land-groove recording method 
according to other embodiment of the present invention. 
The foregoing embodiment is associated with the land- 
groove recording method in which the record mark is 
formed on both the groove G and the land L. However, 
in this embodiment to which the present invention is 
applied, a groove recording system that forms a record 
mark on the groove G only will be described. In this 
embodiment the sum of two respective effective widths 
of the groove G and the land L is called a track pitch 
Tpg. In the track pitch Tpg, the groove G is 70% and the 
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land L is 30% in length, respectively. Referring to FIG. 
14, even if a beam spot diameter 121 of the laser beam 
is larger than the track pitch 120, a record portion 122 
with the effective width of the groove G is first formed by 
the recording operation on the groove G. And then, an 5 
erased portion 123 is formed by erasing a part of the 
record portion 122 which sticks out into the land L in the 
side of the external circumference of the disk due to the 
formation of the record portion 122. Further, the record- 
ing and erasing in this case are performed in the same w 
way as the writing operation and the erasing operation 
previously described. Also, since the detrack-offset 
amount of each track is the same as that previously 
stated, the description thereof is omitted. 

Having described a preferred embodiment of the is 
present invention with reference to the accompanying 
drawings, it is to be understood that the present inven- 
tion is not limited to the above-mentioned embodiment 
and that various changes and modifications can be 
effected therein by one skilled in the art without depart- 20 
ing from the spirit or scope of the present invention as 
defined in the appended claims. 

Claims 

25 

1. An optical recording method of moving an optical 
pickup (2) over a recording medium (1) to position 
said optical pickup (2) onto a target track, and form- 
ing a record mark (41; 61; 62) on the recording 
medium (1) by a light beam irradiated onto the opti- 30 
cal disk (1) from the optical pickup (2), comprising 

the steps of: 

/ offsetting an irradiation position of said light 

beam on said recording medium (1) by a pre- 35 
determined length relative to said target track 
in the direction of the recording; and 
forming a record mark (41 ; 61 ; 62) on said tar- 
get track by said offset light beam. 

40 

2. An optical recording method according to claim 1 , 
wherein said recording medium (1) comprises a 
track formed of a groove portion (G) which has a 
spiral groove formed on its recording surface and a 
land portion (L) which is sandwiched between the 45 
groove portions, and wherein in said offsetting step, 
when said record marks (41; 61; 62) are to be 
recorded on said groove portion (G), an irradiation 
position of said light beam is offset by the predeter- 
mined distance relative to a track center of said so 
groove portion (G) toward an adjacent land portion 

(L) in the direction of the recording. 

3. An optical recording method according to claim 1 , 
wherein said recording medium (1) comprises a ss 
track formed of a groove portion (G) which has a 
spiral groove formed on its recording surface and a 
land portion (L) which is sandwiched between the 
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groove portions (G), wherein in said offsetting step, 
when a record mark (41; 61; 62) is to be newly 
formed by overwriting on said groove portion (G) 
adjacent to the land portion (L) on which the record 
mark (41 ; 61 ; 62) is already formed in the direction 
of the recording, an irradiation position of said the 
light beam is offset by the predetermined distance 
relative to a track center of said groove portion (G) 
toward an adjacent land portion (L) in the direction 
of the recording, and wherein in said forming step, 
a record mark (41 ; 61 ; 62) is formed on said groove 
portion (G) and a land portion (L) adjacent to the 
groove portion (G) in the direction of recording 
while a record mark (41 ; 61 ; 62) already formed on 
the groove portion (G) is being erased. 

4. An optical recording method according to claim 1. 
wherein said recording medium comprises a track 
formed of a groove portion (G) which has a spiral 
groove formed on its recording surface and a land 
portion (L) which is sandwiched between the 
groove portions (G), wherein in said offsetting step, 
when a record mark (41 ; 61 ; 62) is to be formed on 
said groove portion (G), an irradiation position of 
said the light beam is offset by the predetermined 
distance relative to a track center of said groove 
portion (G) toward an adjacent land portion (L) in 
the direction of the recording, and wherein in said 
forming step, a recording thin film on said recording 
medium (1) is heated by said light beam irradiation 
for raising its temperature, thereby making a crys- 
talline phase change to be caused in said recording 
thin film, and said record mark (41; 61; 62) is 
formed on said groove porion (G) and a land portion 
(L) adjacent to said groove portion (G) in the direc- 
tion of the recording. 

5. An optical recording method according to claim 1, 
wherein said recording medium (1) comprises a 
track formed of a groove portion (G) which has a 
spiral groove formed on its recording surface and a 
land portion (L) which is sandwiched between the 
groove portions (G), wherein in said offsetting step, 
when a record mark (41; 61; 62) is to be newly 
formed by overwriting said groove portion (G) adja- 
cent to the land portion (L) on which the record 
mark (41 ; 61 ; 62) is already formed in the direction 
of the recording, an irradiation position of said the 
light beam is offset by the predetermined distance 
relative to a track center of said groove portion (G) 
toward an adjacent land portion (L) in the direction 
of the recording, and wherein in said forming step, 
a recording thin film on said recording medium is 
heated by said light beam irradiation for raising its 
temperature, thereby making a crystalline phase 
change to be caused in said recording thin film, and 
a record mark (41 ; 61 , 62) is formed on said groove 
portion (G) and a land portion (L) adjacent to the 
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groove portion (G) in the direction of recording 
while the record mark already formed on the groove 
portion is being erased. 

6. An apparatus for recording data on an optical disk 5 
(1) having a track formed of a groove portion (G) 
and a land portion (L) which are alternately dis- 
posed in the radius direction, comprising: 

an optical pickup (2} for irradiating a light beam 10 
on a recording surface of said optical disk (1) 
so that a light spot larger than both widths of 
said groove portion (G) and said land portion 
(L) should be formed thereon; 
tracking means (1 2) for controlling a position of is 
said light spot relative to said track; 
tracking setting means (20) for controlling said 
tracking means (12) so that a center of said 
light spot should be located at a position offset 
by a predetermined amount relative to track 20 
centers of said groove portion (G) and said 
land portion (L); and 

output controlling means for forming a record 
mark (41; 61; 62) on the recording surface of 
said optical disk (1) by controlling a power of 25 
said light beam. 

7. An apparatus according to claim 6, wherein said 
tracking setting means (20) controls said tracking 
means (12) so that a circumference portion of said 30 
light spot should be located substantially at an edge 
portion, on an opposite side in the recording direc- 
tion, of a track where data is to be recorded. 

8. An apparatus according to claim 6 or 7, wherein 3S 
said tracking means (12) carries out respective 
tracking operations depending upon whether a 
track where said light beam is irradiated is a groove 
portion (G) or a land portion (L), and said tracking 
setting means (20) supplies a signal having either 40 
of polarities which are different from each other 
depending upon whether a track where said light 
beam is irradiated is a groove portion (G) or a land 
portion (L), as a tracking setting value to said track- 
ing means (12). 45 

9. An apparatus according to one of claims 6 to 8, 
wherein when a record mark (41 ; 61 ; 62)formed on 
said track is read, said tracking setting means (20) 
controls said tracking means (12) so that a spot of so 
said light spot should be located at each of a track 
center ol said groove portion (G) and said land por- 
tion (L). 

10. An apparatus according to one of claims 6 to 8, ss 
wherein said output controlling means, when a 
record mark (41 ; 61 ; 62) is formed on either of said 
groove portion (G) and said land portion (L), erases 



a part of said record mark (41) formed on the other 
of said groove portion (G) and said land portion (L) 
adjacent thereto in the recording direction, and 
simultaneously forms a new record mark (41 ; 61 ; 
62) on the other of said groove portion (G) and land 
portion (L). 

11. An apparatus according to claim 10, wherein a 
phase-change recording film is formed on the 
recording surface of said optical disk (1). 
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optical pickup (2), then an irradiation position of the light 
beam is offset during recording by a predetermined 
amount to a track at the recording direction side relative 
to the target track location, a record mark (41 ; 61 ; 62) is 
formed on a target track by the offset light beam. 
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